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Purpose. To evaluate the effect of combination maintenance therapy of pemetrexed plus bevacizumab for patients with advanced
non-small cell lung cancer. Methods. We identified relevant studies by electronic search (Embase, PubMed, Cochrane, and Web
of Science from 1 January 1960 to 29 October 2016) and manual search. The primary outcome of interest was progression-free
survival (PFS) and secondary end point included overall survival (OS) and toxicities. The data was pooled for quantitative analysis
and the final effect size was reported as hazard ratio (HR) for survival outcomes and relative risk (RR) for safety outcomes, both
with a random-effects model. Results.Three randomized controlled trials enrolling 1302 patients with advanced non-small cell lung
cancer were included in thismeta-analysis. An evident PFS improvement (HR= 0.73, 95%CI = 0.63–0.83,𝑃 < 0.01) was observed in
patients with pemetrexed and bevacizumab combination maintenance therapy compared with single-agent maintenance therapy,
yet it did not subsequently lead to a significant improvement in OS (HR = 0.97, 95% CI = 0.84–1.10, 𝑃 = 0.66). Our analysis also
showed statistically increased risks for provoking grade 3-4 adverse events in patientsmanaged using pemetrexed plus bevacizumab
combination (RR = 1.59, 95% CI = 1.07–2.36, 𝑃 = 0.022). Conclusions. Pemetrexed plus bevacizumab combination maintenance
therapy leads to significant improvement in PFS but not in OS for patients with advanced non-small cell lung cancer, which also
increases the risks of grade 3-4 adverse events. Yet, in view of the limitation of existing studies and this meta-analysis, current
evidence is not adequate to support routine use of pemetrexed-bevacizumab maintenance.

1. Introduction

Until recently, lung cancer remained the leading cause of
cancer-related deaths worldwide [1]. At the time of diagnosis,
themajority of the lung cancer patients are in advanced stage,
which means that there are no curative treatment options.
Fewer than 5% of patients with advanced disease stay alive
5 years after diagnosis [2].

With the emergence and development of immune check-
point inhibitors, for patients who are negative for EGFR
mutation, ALK rearrangement, and ROS1 rearrangement and
have high programmed death ligand 1 (PD-L1) expression
(⩾50%), sole use of pembrolizumab has been recommended.

But for those who have low PD-L1 expression (<50%), first-
line treatment is still considered as a platinum-based doublet
chemotherapy [3]. Efforts to improve efficacy have always
been focusing on either the selection of agents or the duration
of regimens [4–6]. However, these strategies did not yield
significant improvements in overall survival (OS) rates and
were associated with greater toxicities [6].

Therefore, during the past decades, different research
groups have been dedicated to finding alternative strategies
to prolong time to disease progression and extend sur-
vival. Maintenance therapy, also referred to as consolidation
therapy, has been investigated in several large randomized
controlled trials and has shown its potential advantages and
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inconveniences [7, 8]. Bevacizumab and pemetrexed as two
effective and well-tolerated agents have been highly recom-
mended as maintenance therapies for patients with advanced
nonsquamous non-small cell lung cancer (NSCLC). Recent
single-agent maintenance therapy including either beva-
cizumab or pemetrexed showed that patients with disease
controlled after induction therapy may benefit from mainte-
nance therapies before disease progression [7, 9, 10].

Although the combinationmaintenance regimen of beva-
cizumab and pemetrexed in 2 large randomized trials indi-
cates improved PFS versus single-agent regimen [11, 12], the
risk-benefit ratio of multiagents combination maintenance
therapy is still unclear and remains controversial [14]. Hence,
there is a pressing need to synthesize this evidence and
assess its consistency across trials to achieve a comprehensive
summary of the best available evidence for potential benefits
of combination maintenance treatments. And it is for this
reason that we conduct a meta-analysis of randomized
studies to evaluate combination maintenance therapy with
bevacizumab plus pemetrexed.

2. Methods

2.1. Inclusion Criteria. This meta-analysis is reported in line
with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement and had been
registered at International Prospective Register of System-
atic Reviews (number CRD42017062313) [15]. The studies
were regarded as eligible for inclusion if they meet all
the following criteria: (1) they were RCTs; (2) the study
population consisted of patients with histologically or cyto-
logically proven stage IIIB or IV NSCLC; (3) the study
contained an intervention group, combination maintenance
with pemetrexed plus bevacizumab, and a control group,
any other maintenance therapy or no maintenance ther-
apy; (4) they reported at least one of the following out-
comes: progression-free survival (PFS), overall survival (OS),
and treatment-related toxicities (adverse event grade ≥ 3,
AEs).

2.2. Search Strategy. We identified relevant studies by search-
ing public databases (Embase, PubMed, Cochrane, and Web
of Science from 1 January 1960 to 29 October 2016) and man-
ual searching via reference lists of key articles.The search was
restricted to English only.The complete text andMeSH terms
searched in PubMedwere (Carcinoma, Non-Small-Cell Lung
[MeSH Terms] OR Carcinoma, Non Small Cell Lung[Text
Word] OR Carcinomas, Non-Small-Cell Lung[Text Word]
OR Carcinoma, Non-Small Cell Lung [Text Word] OR
Lung Carcinoma, Non-Small-Cell [Text Word] OR Lung
Carcinomas, Non-Small-Cell [TextWord] ORNonsmall Cell
Lung Cancer [Text Word] OR Non-Small Cell Lung Cancer
[Text Word] OR Non-Small-Cell Lung Carcinoma [Text
Word] OR Non Small Cell Lung Carcinoma[Text Word]
OR Non-Small-Cell Lung Carcinomas [Text Word]) AND
(Bevacizumab [MeSH Terms] OR Avastin [Text word]))
AND (Pemetrexed [MeSHTerms] OR PemetrexedDisodium
[Text word] OR Disodium, Pemetrexed [Text word] OR
MTA [Text word]))) AND (Randomized Controlled Trial

[Publication Type] OR Randomized [Title/Abstract] OR Pla-
cebo [Title/Abstract])))).

2.3. Study Selection and Data Collection. Two investigators
(Leitao Sun and Lufan Xie) performed title and abstract
screening independently; among the initial results, those that
might meet the inclusion criteria were acquired for further
full-text evaluation.

The data extraction was carried out by two independent
investigators (Feiyu Shan and Bo Zhang), including general
information such as first author’s name, year of publica-
tion, trial design, number of participants, sex, age, smoking
history, ECOG score, and follow-up duration and specific
data such as induction chemotherapy regimen, maintenance
therapy agents, details of survival, and safety outcomes. The
primary outcome of interest was progression-free survival
(PFS) and secondary end point included overall survival
(OS) and toxicities. The outcome data were pooled as hazard
ratio (HR) and relative risk (RR). On account of multiple
publications on one trial, the latest evidence was applied.

2.4. Risk of Bias Assessment. Two independent investigators
(Feiyu Shan and BoZhang) performed the quality assessment
for studies selected, according to the Cochrane Collabo-
ration’s tool for assessing risk of bias. Briefly, the main
questions for quality assessment were listed as randomization
sequence generation, concealment of allocation, blinding of
participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting, and other
biases. One of three levels categorized as high risk of bias, low
risk of bias, or unclear risk of bias was assigned to each item
for individual study. Discrepancies were resolved by the third
investigator (Shanming Ruan).

2.5. Statistical Analysis. The pertinent data was extracted
from individual included trials in accordance with the meth-
ods described previously [15, 16]. Then the data was pooled
for further analysis and the final effect size was reported
as hazard ratio (HR) with a random-effects model, where
the HR less than 1 betokened an advantage for double-
maintenance regimen consisting of bevacizumab and peme-
trexed. Results of the meta-analysis were displayed as forest
plots. For safety analysis, we calculated the pooled data of
relative risk (RR) with a random-effects model. The formal
meta-analysis was conducted by STATA (Stata Corporation,
College Station, TX; version 12.0).

We assessed the heterogeneity between studies by I2
regarding a value greater than 50% as an indicator of
moderate-to-high heterogeneity [17]. Egger and Begg tests
were used to check for possible publication bias, where
values of 𝑃 < 0.05 were defined as significant publication
bias. Preplanned sensitivity analysis was conducted for the
outcomes of PFS and OS.

2.6. Evidence Quality Assessment. The pooled evidence and
each outcome were evaluated and classified into one of four
categories (high, moderate, low, and very low) of evidence
quality referring to GRADE (Grading of Recommenda-
tions, Assessment, Development, and Evaluation) [18]. The



BioMed Research International 3

Records identified through
database searching

(n=344) (n=1)

Additional records identified
through other sources

Records excluded
(n=272)

Full-text articles
excluded with reasons

(n=5)

Records a�er duplicates removed
(n=280)

Records screened
(n=280)

Full-text articles
assessed for eligibility

(n=8)

Studies included in
quantitative synthesis

(n=3)

Studies included in
quantitative synthesis

(meta-analysis)
(n=3)

In
clu

de
d

El
ig

ib
ili

ty
Sc

re
en

in
g

Id
en

tifi
ca

tio
n

Figure 1: Flowchart showing study selection process. After screening process, only 3 RCT articlesmet the inclusion criteria andwere included
in ultimate analysis. RCT = randomized controlled trials.

GRADEpro software (version 3.6.1, Grade Working Group)
was used.

3. Results

3.1. Trial Selection. By the initial search, we identified a total
of 345 citations from online database and other sources.
After removal of 65 duplicate studies, 280 articles were left
for screening. During the further review of the remaining
studies, additional 272 articles were excluded for several
reasons including being not about NSCLC, review, being
not with maintenance therapy, case report, meeting, being
not a clinical trial, having other maintenance regimens, and
being not a randomized controlled trial. 8 studies were
subsequently retrieved for full-text assessment for eligibility,
among which 5 publications were excluded for one of the
following reasons: review, single-arm study, being not with
maintenance therapy, and earlier publication on one trial.

In the end, 3 randomized controlled trials about the studies
of combination maintenance therapy with pemetrexed and
bevacizumab were included [11–13]. The search and selection
steps are shown in Figure 1.

3.2. Characteristics of Included Studies. 3 included random-
ized controlled trials evaluated 5 maintenance regimens with
a total of 1302 patients enrolled. One of the 3 studies (J.
Patel et al.) [11] adopted an induction chemotherapy regimen
as pemetrexed 500 mg/m2 plus carboplatin AUC 6 plus
bevacizumab 15 mg/kg in intervention arm and paclitaxel
200 mg/m2 plus carboplatin AUC 6 plus bevacizumab 15
mg/kg in control arm, both for four 21-day cycles. The
maintenance regimen was pemetrexed 500 mg/m2 plus
bevacizumab 15 mg/kg and single-agent bevacizumab 15
mg/kg for intervention arm and control arm, respectively.
The remaining two trials used same agents in their induction
phase for both arms. F. Barlesi et al. [12] used pemetrexed
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Figure 2: Risk of bias assessment in each item. -: high risk of bias; ?:
unclear risk of bias; +: low risk of bias.

500 mg/m2 plus Cisplatin 75mg/m2 plus bevacizumab 7.5
mg/kg as an induction therapy followed by pemetrexed 500
mg/m2 plus bevacizumab 7.5 mg/kg for intervention arm and
bevacizumab 7.5 mg/kg alone for control arm. M. Karayama
et al. [13] took an induction therapy composed of pemetrexed
500 mg/m2 plus carboplatin AUC 6 plus bevacizumab 15
mg/kg in both groups, while the maintenance therapy was
pemetrexed 500 mg/m2 plus bevacizumab 15 mg/kg for
intervention arm and pemetrexed 500 mg/m2 for control
arm. Two trials reported subgroup analysis according to age,
sex, ECOG PS score, and smoking history. Median age (65
years, ranging from 60 to 66), being male (56%), ECOG
PS (0, 49%/1-2, 51%), stage (IIIB, 9%/IV, 90%), histology
(adenocarcinoma, 83%/other, 17%), smoking history (never,
15%/ever, 85%) are someof the other features of the 3 included
trials as presented in Table 1.

3.3. Risk of Bias in Individual Study. The assessment of risk
of bias items within each of the included studies is listed in
Table 2 and Figure 2. All three trials were multicenter with
adequate randomization. One of them reported concealment
of allocation by central randomization [13].None used double
blindmethod and the blinding of assessors is not informed in
all included trials. All RCTs provided complete outcome data
and none reported outcomes selectively.The summary of risk
of bias for each item is shown in Figure 3.

3.4. PFSOutcomes. Anevident PFS improvement (HR=0.73,
95% CI = 0.63–0.83, 𝑃 < 0.01) was observed in patients with
pemetrexed and bevacizumab combination maintenance
therapy, which significantly outperformed other single-agent
maintenance therapy regimens with either pemetrexed or

bevacizumab. However, a moderate degree of heterogeneity
existed across the trials (Figure 4). Notably, the overall results
were not affected after sequential exclusion of each trial.
Considering the serious risk of bias existing within individual
study described above and the synthesized result denot-
ing a moderate-to-high heterogeneity across the studies, a
low quality of evidence and a weak recommendation were
assigned to the pooled evidence of PFS.

3.5. OSOutcomes. Thecombination of pemetrexed and beva-
cizumab as maintenance regimen did not lead to a significant
improvement in OS (HR = 0.97, 95% CI = 0.84–1.10, 𝑃 =
0.06) (Figure 5), with no significant heterogeneity across
included trials. And the synthesis results remain consistent
with original pooled analysis after exclusion of each study
seriatim.

3.6. Adverse Events. A meta-analysis was performed to eval-
uate the risk of adverse events of grade 3 or above in
combination arms and control arms. We found that 74% of
patients experienced grade 3-4 adverse events in pemetrexed
plus bevacizumab combination arm, while the percentage
was 55% in control arm. Comparison between two groups
showed statistically increased risks for provoking grade 3-4
adverse events in patients managed using pemetrexed plus
bevacizumab combination (RR = 1.56, 95% CI = 1.11–2.21, 𝑃
= 0.012, Figure 6).

Specifically, we observed significantly higher risk of grade
3-4 adverse events for thrombocytopenia (RR = 5.36, 95%
CI = 3.01–9.53, 𝑃 < 0.01), anemia (RR = 10.39, 95% CI
= 4.19–25.76, 𝑃 < 0.01), and fatigue (RR = 3.48, 95% CI
= 1.80–6.70, 𝑃 < 0.01) in combination arm (Figure 7 and
Table 3). In contrast, application of the combination regimen
of pemetrexed and bevacizumab did not lead to increased risk
of neutropenia (RR = 0.66, 95% CI = 0.52–0.82, 𝑃 < 0.01).
Although no statistical significance was detected, the analysis
also showed lower risks for febrile neutropenia (RR = 0.49,
95% CI = 0.20–1.20, 𝑃 = 0.120) and hypertension (RR = 0.78,
95% CI = 0.47–1.32, 𝑃 = 0.361) (Figure 7 and Table 3).

3.7. Subgroup Analysis. In two of the included randomized
trials [11, 12], patients were subdivided according to baseline
characteristics such as age, sex, ECOG (Eastern Cooperative
Oncology Group) score, smoking history, ethnicity, and
histology. We extracted age (< 65 versus ≥ 65 years), ECOG
PS (0 versus 1-2), and smoking history (never versus ever),
which were owned by both trials collectively, as independent
variables and conducted subgroup analysis. As shown in
Figure 8, patients managed using the combination strategy
appeared to be at an advantage with regard to PFS compared
with patients receiving other maintenance regimens when
based on subset factors of age, ECOG score, and smoking
history. And, remarkably, lower hazard ratios were observed
in patients with younger age (< 65, HR = 0.64, 95% CI =
0.39–0.90, 𝑃 < 0.01), better physical status (ECOG score =
0, HR = 0.60, 95% CI = 0.32–0.87, 𝑃 < 0.01), and no smoking
history (never smoked, HR = 0.45, 95% CI = 0.27–0.63, 𝑃 <
0.01). As for overall survival, a clear trend for longer OS was
observed in patients with age < 65 years (HR = 0.93, 95%
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Figure 3: Risk of bias summary.

NOTE: Weights are from random effects analysis

Overall (I−squared = 67.0%, p = 0.048)

M.Karayama (2016)

J.Patel (2013)

F.Barlesi (2014)

Study

 0.71 (0.53, 0.90)

 0.73 (0.44, 1.19)
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 0.58 (0.45, 0.76)

ES (95% CI) 
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Figure 4: Comparison of progression-free survival between Pem + Bev maintenance and other maintenance regimens. Pem: pemetrexed;
Bev: bevacizumab.

Table 3: Meta-analysis of grade 3-4 adverse events.

Adverse event Events in intervention arm Events in control arm RR (95% CI) 𝑃

Neutropenia 93/462 139/453 0.66(0.52-0.82) 0.000
Thrombocytopenia 71/462 13/453 5.36(3.01-9.53) 0.000
Anemia 53/462 5/453 10.39(4.19-25.76) 0.000
Febrile neutropenia 7/462 14/453 0.49(0.20-1.20) 0.120
Fatigue 39/462 11/453 3.48(1.80-6.70) 0.000
Hypertension 24/462 30/453 0.78(0.47-1.32) 0.361
Overall 340/462 250/453 1.59(1.07-2.36) 0.022
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NOTE: Weights are from random effects analysis
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Figure 5: Comparison of overall survival between Pem + Bev maintenance and other maintenance regimens. Pem: pemetrexed; Bev:
bevacizumab.

NOTE: Weights are from random effects analysis
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Figure 6: Comparison of overall adverse events between Pem + Bev maintenance and other maintenance regimens. Pem: pemetrexed; Bev:
bevacizumab.
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CI = 0.69-1.26, P = 0.64), ECOG score = 0 (HR = 0.89, 95%
CI = 0.69-1.14, P = 0.36), or never smoked (HR = 0.72, 95%
CI = 0.45-1.17, P = 0.18). However, no statistically significant
improvement was detected in all three subsets (Figure 9).

3.8. Levels of Evidence. In risk of bias domain, due to the
lack of double blind method in all trials and unclear risk
of detection bias, the PFS and OS outcomes were both
initially classified as serious risk of bias. The inconsistency
domain was downgraded to serious for heterogeneity that
cannot be explained in PFS outcomes. Thus, a low quality
was assigned to PFS outcome and moderate quality to OS
outcome, respectively. The summary of evidence assessment
was shown in Figure 10.

3.9. Publication Bias. The results of Begg’s test and Egger’s
test of PFS (PBegg = 1.000, PEgger = 0.618) and OS (PBegg =
1.000,PEgger = 0.286) suggested no publication bias for the
present studies, though the limited trials number may reduce
the test’s efficacy.

4. Discussion

4.1. Summary of Main Findings. In this meta-analysis report-
ing the efficacy of pemetrexed and bevacizumab combi-
nation regimen as maintenance treatment for advanced
NSCLC patients, only three randomized controlled trials met
the inclusion criteria. Our results suggest that, compared
with single-agent therapy, pemetrexed plus bevacizumab
combination as continuous maintenance therapy can yield
salient benefits in prolonging PFS. However, there is no

significant improvement for OS in the patients receiving
regimen of pemetrexed concomitant with bevacizumab in
the maintenance setting. Furthermore, it is worth noting that
the reduction of risk in survival may be accompanied by
increased risks of treatment-related toxicities. These data, to
some extent, lend support to pemetrexed and bevacizumab
combination therapy as a maintenance strategy that is able
to improve the management of advanced non-small cell lung
cancer.

4.2. Applicability of the Current Evidence. In the manage-
ment of advanced stage NSCLC, several randomized trials
demonstrating statistically significant benefit of PFS and/or
OS has revived the notion of accepting maintenance therapy
as an appropriate option in making clinical strategy [19–21],
although it is not clear whether the benefit is derived from
induction phase, maintenance phase, or the integration of
them. In a phase III study (ECOG 4599), continuation of
bevacizumab beyond six cycles showed 2-month improve-
ment in both median PFS (6.2 versus 4.5 months; HR =
0.66; 𝑃 < 0.01) and median OS (12.3 versus 10.3 months;
HR = 0.79; 𝑃 < 0.01) [9], which established the induction
of carboplatin plus paclitaxel and bevacizumab followed by
bevacizumab continuous maintenance as a standard first-
line regimen for advanced NSCLC patients. And peme-
trexed, known as multitargeted antifolate, also has been
proven with prolonged survival in two double blind, phase
III, randomized controlled studies compared with placebo
[7, 10]. However, no consensus has been forged regarding
the combination usage of pemetrexed and bevacizumab
[22]. A single-arm phase II study exploring combination of
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Figure 8: Subgroup analysis of progression-free survival defined by age, ECOG score, and smoking history. (a) Progression-free survival
based on age. (b) Progression-free survival based on ECOG score. (c) Progression-free survival based on smoking history. Pem: pemetrexed;
Bev: bevacizumab.
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Figure 10: Assessment of evidence of survival outcomes.

pemetrexed and bevacizumab inmaintenance set have shown
encouraging efficacy end point of both PFS (7.8 months, 95%
CI = 5.2–11.5) and OS (14.1 months, 95% CI = 10.8–19.6)
with acceptable toxicity [23]. And, subsequently, it lays the
foundation for the following three phase III combination
maintenance trials: AVAPERL, PointBreak, and ECOG 5508,
two of which reported significantly improved PFS [11, 12]
and results from the third study have not been reported
[24]. In this context, the combination of pemetrexed with
bevacizumab has been postulated as a potential strategy that
may generate benefits in PFS and OS for patients with first-
line nonsquamous non-small cell lung cancer [25].

As illustrated in Figure 4, our analysis has yielded a robust
finding indicating a beneficial effect on PFS when using
pemetrexed and bevacizumab combinationmaintenance ver-
sus either pemetrexed or bevacizumab alone. However, the
prolonged PFS failed to translate into a longer OS (Figure 5).
The significant improvement in PFS is consistent with the
results from two of the randomized trials included in this
analysis [11, 12] as well as with another randomized ATLAS
study that contained bevacizumab-erlotinib combination
[26]. ATLAS reported 1-month improvement in PFS for
patients receiving combination maintenance of bevacizumab
and erlotinib (4.8 versus 3.7 months; HR = 0.72, 𝑃 < 0.01)
but it was not statistically significant in OS (14.4 versus 13.3
months; HR = 0.92; 𝑃 = 0.534) [26]. Meanwhile, although
longer median OS was reported in AVAPERL [12] trial in
our study with a noteworthy duration of OS exceeding
19 months in pemetrexed plus bevacizumab maintenance
arm (19.8 versus 15.9 months), no statistical significance
was reached, while PFS was significantly improved (10.2
versus 6.6 months; HR = 0.58; 𝑃 < 0.01). Another trial by
Patel et al. [11] powered to detect a statistical difference in
OS unfortunately failed to achieve an improved OS (12.6
versus 13.4 months; HR = 1.00; 𝑃 = 0.949), while PFS was
statistically superior in combination group (6.0 versus 5.6
months; HR = 0.83; 𝑃 = 0.012), which is possibly due to
a high proportion of patients receiving further treatments
after the study. As a caveat, the most remarkable feature of
PointBreak trial [11] is the different regimen of induction

treatment designed as pemetrexed/carboplatin/bevacizumab
followed by pemetrexed/bevacizumab (Pem Arm) ver-
sus paclitaxel/carboplatin/bevacizumab followed by beva-
cizumab (PacArm), which hasmade itmore difficult to assess
the efficacy ofmaintenance therapy. Yet, when looking only at
the 63% of patients who went on tomaintenance therapy (the
others dropping off because of progression, prohibitive side
effects, or other complications), both PFS and OS are longer
(by 1.7 and 2.0 months, resp.), suggesting that there may be
benefit in taking the two drugs over one for maintenance
population. Trend in outcomes similar to PointBreak trial can
also be observed in several other phase III randomized trials
[26, 27] evaluating the role of pemetrexed and bevacizumab
or bevacizumab plus erlotinib in maintenance set. But,
notably, subgroup analysis of PFS showed that maintenance
of bevacizumab combined with pemetrexed was favored over
bevacizumab or pemetrexed alone irrespective of patient
age, ECOG score, and smoking history (Figures 8 and 9).
And age < 65 year, ECOG score of 0, and no smoking
history may be associated with greater survival benefit in
patients managed with double maintenance of pemetrexed
and bevacizumab. The weight of our evidence, despite lack
of high-quality studies and strong recommendation, suggests
that pemetrexed and bevacizumab combination has positive
effect for patients with advanced NSCLC. And indeed our
study shows individual variability in several ways, such as
modified dosage of maintenance agent, whether the ITT
principle is available, and different components of induction
chemotherapy in two arms, which may partly be associated
with the heterogeneity between studies.

Prolonged use of pemetrexed combined with beva-
cizumab for maintenance therapy of NSCLC is burdened
by increased risks of treatment-related toxicities, although
mostly safe and tolerable. Anemia and thrombocytopenia
are two of the prominent adverse events, which account for
a large part of incidents causing delay or discontinuation
of chemotherapy. Fatigue is another side effect of extended
use of pemetrexed and bevacizumab. In this study, either
the risks or incidence of grade 3-4 fatigue or anemia or
thrombocytopenia is much higher with combination use of
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pemetrexed and bevacizumab compared with single-agent
maintenance, consistent with the current clinical practice
experience. Notably, combination maintenance is associated
with a much lower risk of neutropenia (RR = 0.66, 95% CI =
0.52–0.82, 𝑃 < 0.01). Febrile neutropenia and hypertension
also can be found with a decreased risk of combination
regimen, but no statistical significance is detected. Aforemen-
tioned results are mainly consistent with the observation of
PointBreak trial [11]. And PRONOUNCE study also reported
similar results.

4.3. Implications of This Review. To our knowledge, no sim-
ilar comprehensive meta-analysis investigating the benefits
and risks of pemetrexed plus bevacizumab maintenance
therapy has been done previously. Our study may provide
potential implications for clinical practice and health policy.
The present findings from our meta-analysis, although based
upon only three randomized controlled studies, indicate that
pemetrexed plus bevacizumab beyond initial four to six
cycles of chemotherapy can significantly improve median
PFS and failed to achieve positive progress in OS, while
accompanied by potentially increased risks of adverse events.
These results suggest that the controversy should shift to
whether the benefit in PFS outcomes is of sufficient clinical
importance to widely warrant the combination maintenance
treatment with pemetrexed and bevacizumab. Considering
several additional factors such as patient's preferences, the
adverse effects, and cost-benefit ratio of therapy, due caution
should be exercised in the decision of using pemetrexed
plus bevacizumab combination maintenance. However, the
combination maintenance of pemetrexed plus bevacizumab
still shows clinically meaningful PFS benefit, especially when
administered to advanced non-small cell lung cancer patients
with younger age, good performance status, and no smoking
history. An ongoing trial ECOG 5508 [24], comparing main-
tenance with bevacizumab, bevacizumab combined with
pemetrexed, and pemetrexed alone, should further elucidate
the efficacy and value of combination of pemetrexed plus
bevacizumab.

4.4. Limitations. Several limitations exist in our study. First,
the data extracted is merely from previous publication,
whereas original data and individual patient data are unavail-
able, whichmake us unable to performmore detailed analysis
and obtain more comprehensive results. Second, our analysis
is limited by substantial heterogeneity across included trials,
which is possibly attributed to the variation in trial design,
inclusion and exclusion criteria, and treatment regimen
involving induction modalities and agents’ dosage. Third,
even though most of the included trials were published
in journals with high impact factor, open-label design and
pharmaceutical industry funding as potential risks of bias
still exist. Finally, this meta-analysis is limited by lack of
available studies. Thus, these results should be interpreted
with caution.

5. Conclusion

Our study suggests that the double maintenance of peme-
trexed and bevacizumab is associated with significantly

prolonged PFS but not OS and is accompanied by increased
risks of grade 3-4 adverse events. Given the current limitation
of existing studies and this meta-analysis, further studies like
ECOG 5508 are expected to report a fundamental strategy
and provide a powerful clinical evidence.
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